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Un f;lcteur iniport;int qiri influence le comportcrncnt du calfeutrage :i 
I'exterieur des blitimcnts cst le rnouvernent provoque' par les 
ch;~nge~iients de tcnipc'r;~ture journaliers et ilnnuels. 13ien que le 
calfeutragc lui-m6nie sc dilute ct se contuacte avec la tenipe'ralure, ces 
changcnicnts dirnensionncls scmt peu iniportants et sont guan?crnent 
nc~~tri i l iscs pilr Ics change~nents dans les e'le'rnents dans le b5tirnent 
qili cntourent le joint. Actuellcment, Ics fitbricants de rn;tte'riaux de 
calfcutr~igc suggercnt quc pour Ics calfcutrages de rneilleures qualit- 
6s. Ics joints d c v r i ~ i c ~ i t  Otrc conqus d'unc largeur telle que le 
niouvemcnt provoquc par lcs Clc'nicnts tlu hitinlent qui I'cntoure ne 
sera pas p l t~s  2 15 pour ccnt la largcur du joint. 1.e c i l d r ~  tl'cxposition 
dc'c~it ici p rodu i~  tlivcrses qu;~ntitcs tle mouvenicnt couvrant une 
gitnimc qiri dc'p;lssc 25 pour cent. l,c mouvcrncnt cn cycle i lu cildre est 
produit par Ics ch;~~igcments dc conditions de tcrnpcralurc qui pro- 
boquent diffkrents cliontants de niouvcnients dans deux sortes de 
nietaux utilise's pout- la construction du cadre. 



Weathering Rack for Sealants 

K.K. Karpati, K.R. Solvason, and P.J. Sereda 
National Research Council of Canada* 

An important factor influencing sealant performance on 
the outside of buildings is the cyclic movement induced 
by daily and yearly temperature changes. Although the 
sealant itself expands and contracts with temperature, 
these dimensional changes are negligible and largely re- 
versed by changes in the building elements surrounding 
the joint. At the present time sealant manufacturers 
suggest that for the best quality sealants, joints should be 
designed with such width that the movement produced in 
them by the surrounding building elements will not be 
more than 225% of the joint width. The exposure rack 
here described produces various amounts of movement 
covering a range reaching beyond 25%. 

The cyclic movement of the rack is produced by 
changes in weather conditions that induce different 
amounts of movement in two kinds of metal used in the 
construction of the rack. 

KEY WORDS: Aluminum; Temperature change; Sealant: 
Concrete; Thermocouples; Gauges; Temperature differ- 
ence; Exposure. 

INTRODUCTION 

The performance concept o f  testing and evaluating 
building materials implies that agiven material has been 
subjected to either actual or simulated conditions o f  
service and that its behavior with time i s  predictable i n  

relation to criteria o f  acceptable performance. 
Laboratory testinn to characterize the mechanical 

capability o f  each class o f  sealant (silicones and two- 
paA polysulphides) has now been developed to a con- 
siderable degree by  the Division o f  Building Re- 
search.'-4 Similarly, the actual movements o f  various 
types ofjoints in  buildings have been measured to give 
information regarding the rates o f  strain and elongation 
or compression to which sealants may be subjected in  
service.'s5 What is yet unknown is sealant behavior 
under cyclical movement and simultaneous temper- 
ature changes, yhere the specimen is subjected to 
compression at high temperature and extension at low 
temperature while undergoing normal aging conditions. 
A testing facility designated as a weathering rack was 
therefore designed and constructed to permit a study o f  
the behavior o f  sealants under simulated conditions o f  
service. This paper gives its details o f  design and 
presents an assessment o f  its operation. 

DESCRIPTION 

Figure 1 shows the sealant weathering rack. I t  is 41 f t  
(12.5 m) long and 3.5 f t  ( I .  1 m) wide and can accommo- 
date 2 16 specimens o f  the same dimensions as are used 
for testing to CGSB specifications: a sealant bead o f  0.5 
x 0.5 x 2 in. (1.3 x 1.3 x 5.0 cm) between substrate 
bars o f  0.5 x I x 3 in. (1.3 x 2.5 x 7.6 cm). Various 
substrates can be used, but that shown is aluminum. A 
close-up o f  the center portion of the rack can be seen in 
Figure 2. 

Figure 1 - Sealant weathering rack 

I)IV. ,,I' Bu~ld~ng Rc\cirrch. o l t a w ; ~ .  Cani~da K I A   OR^. Figure 2 - Close-up of center portion of rack 



E F B A  steel and aluminum bars affecting the movement is 
constant for any location in this area, resulting in the 
same movement for all the specimens. 

In the remaining area of the rack where the long 
0 

5 
aluminum bars are attached to the vertical steel end 

I plates only at one end, the length of metals to be taken 
into consideration when calculating movement in- 

D creases from left to right for each pair of vertical alumi- 
c num plates. The amount of movement at a given point 

can be estimated from the coefficient difference, the 
A total length from the left end of the rack, and the tem- 

Figure 3 - Schematic representation of the working principle of perature difference. 
the weathering rack The weight of the structure is carried by two 

V-shaped legs resting on a one-piece concrete slab. The 
The rack undergoes cyclic movements in response to supporting elements are anchored to the concrete slab 

temperature changes, utilizing the difference in the by bolts cast in the concrete. The vertical tubing at each 
thermal coefficient of expansion between steel and end .fthe frame guides movement and prevents bend- I 

aluminum. Figure 3 is a schematic drawing showing ing during strong winds (Figure 1). I 

how the differential thermal movement is applied. At Movement occurring on the rack was determined by I 
the top and bottom of the rack steel bars (A) are Joined joint movement gauges described in reference ( I ) .  The 
by five vertical steel plates (B) painted white- Two corresponding temperature readings were taken by 
double 2 2 in. (5 5 cm) a l u m h ~ m  bars (C) run the means of thermocouples fastened with adhesive to the 
full length, attached only on the left side so that they are surface of both the aluminum and the steel bars on the 
free to move, guided by steel cylinders behind the verti- side facing south. The correlation between movement 
cal steel plates. Another pair of single 2 x 2 in. alumi- of the rack and temperature readings was statistically 
num bars (D) are attached to the central steel plate, free analyzed. The results are given in Table 1, and Figure 5 
to expand along their full length in the direction OPPO- illustrates the plot obtained with one of the gauges. 
site the expansion of the longer bars (C). As ambient Three gauges were used for taking movement 
temperature changes, the steel and aluminum CornPo- readings: No. 1 was located in the first quarter of the 
nents of the frame expand and contract by different 
amounts. At any vertical cross-section of the assembly 
the relative movement between the steel frame and the 
aluminum bars is determined by the difference of the 
thermal coefficients of linear expansion and the lengths 
of metals contributing to the movement. In order to 
utilize the differential movement, pairs of vertical alu- 
minum plates (not painted) are attached to the steel or 
to the aluminum bars. Because the specimens are 
bolted to these vertical plates (Figures 2 and 4) the 

% d r m  
m 

differential movement is transmitted to the sealant 
bead. 

Load produced by straining the sealant specimens is 
transmitted to the horizontal steel and aluminum mem- 
bers. Their cross-sectional area had to be made as large 
as was practical so that strain in the members would not 
seriously reduce differential movement. 

From the point of view of operation, the rack can be 

d 
divided into two areas. In Figure 1, all the specimens in 
the first quarter (left) receive cyclic movements with 
identical amplitude; but on the remaining area of the 
rack, the amplitude increases progressively from the 
left to right for each pair of vertical plates. This results 
from the different ways of attaching the vertical alumi- 
num plates in the different areas (Figure 3). In the first 
quarter of the rack, one of the plates (E) is bolted to the 

,."" 

short aluminum bars and in the remaining three quar- 
ters, to the steel frame (F). The second pair of plates is +:?fJ) -. 3 ~ , , > p ,  
always attached to the long aluminum bars (C). As a +:kv ++$$#f 
result, in the first quarter two different types of alumi- 
num bars move in opposite directions with temperature - .. 
change, being bolted separately at opposite ends to the 
same steel frame. Consequently, the total length of Figure 4 - Specimen attached to vertical plates 

J 
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Table 1 - Statistical Evaluation of Cyclic Movements 
At Various Positions.on the Rack 

Gauge No. 1 No. 2 No. 3- 

Location (left to right on Column Column Column 
Figure I )  6 30 43 
Correlation coefficient -0.966 -0.979 -0.934 
Slope of best fitting line 

in./F -0.00108 -0.00143 -0.00210 

cm/C -0.00486 -0.00644 -0.00945 

Standard error of slope 
in./F 0.00001 0.00002 0.00002 
cm/C 0.00005 0.00009 0.00009 

Observed movement (calculated 
from slope) ?13.1% ?17.3% 225.4% 
Movement estimated from 
thermal coeficient + 18.5% 223.1% 233.4% 

rack where there is a constant amplitude of the cyclic 
movement for 12 pairs of vertical aluminum plates; No. 
2 was placed at the 30th pair of plates; and No. 3 at the 
43rd pair. The readings now reported cover a period of a 
full year. from the end of November 1974. They were 
taken once every working day for the first four months 
to confirm the smooth operation of the rack. After- 
wards, the frequency of readings was reduced to two 
per week. Each consisted of a maximum, a minimum, 
and a reset gauge value and the corresponding 
minimum, maximum, and reset temperature readings, 
where the gauge readings are taken in inches, and indi- 
cate the position of one side of the joint in relation to the 
other. ~ r o m  this one can derive the width change the 
sealant specimens undergo. 

Because a maximum temperature produces a 
minimum width on the specimens, and vice versa, they 
are correlated and plotted in this manner. These are 
extreme readings that occur during the time interval 
between two observations. The reset readings are taken 
immediately after the extreme readings, when the 
gauge is reset to start a new interval of observation. 
(For further details about the operation of the gauges 
see reference (I)). The various' types of readings are 
illustrated with different symbols in Figure 5. The three 
lines are the result of statistical analysis: the outer two 
are the 95% confidence limits. the centerline being the 
best fitting line of the data. It is the best fitting line that 
calibrates the rack movement. and its slope is the length 
change per degree temperature change. When multi- 
plied by temperature difference for one year they give 
the total yearly movement. 

Statistical analysis was carried out with readings of 
all three movement gauges. using the observed temper- 
ature for both the aluminum and steel bars which were 
painted black and white, respectively. The maximum 
temperature difference readings of aluminum were 
33°F (1.9"C) and the minimum temperatures 0.2"F 
(O.l°C) higher on the average than those of steel, with 
standard deviation of the differences 2.3"F (1.3"C) and 
0.9"F (OS°C), respectively. The above values did not 
change significantly when the data were divided into 
winter and summer readings and analyzed separately. 

o MAXIMUM TEMPERATURE 

M I N I M U M  TEMPERATURE I 

1 1 1 1 1  1 1 1 1 1 1 1 1 1 ~  
- 4 0  - 3 0  - 2 0  - 1 0  0  1 0  20  3 0  4 0  5 0  6 0  7 0  8 0  9 0  LOO 110 

Figure 5 -Weathering rack movement at gauge No. 3 vs. alumi- 
num temperature 

The difference in temperature of the two bars is not 
large enough to justify considering them separately. 

Table I presents the summary of the analysis using 
temperatures for aluminum only. Correlation between 
rack movement and temperature is good, as may be 
seen from the values abtained for the correlation coeffi- 
cients. The slope of the best fitting line for the data can 
be used to calculate movement occurring on the rack at 
the location of each particular gauge. The reliability of 
the values obtained for the slopes is confirmed by their 
small standard error. 

Maximum yearly movement is calculated by multi- 
plying the value of the slope by the yearly temperature 
difference (121°F, or 67.2"C) and converting it to the 
percentage of the specimen width. As can be seen from 
Table I ,  the maximum movement at gauge No. I is 
2 13%. This movement applies to all specimens ex- 
posed in this section of the rack, and increases from the 
13th pair of vertical plates to the last, the 48th; it is 
2 17% at gauge No. 2 and 225% at gauge No. 3. Move- 
ment at any position can be calculated from these find- 
ings. One can also estimate movement from the coeffi- 
cients of linear expansion. As Table 1 shows, the esti- 
mated movements are considerably higher than the ob- 
served movements. indicating restraint, which can be 
partly attributed to the load that the sealant specimens 
exert on the bars and partly to friction. 

SUMMARY 

An outdoor sealant weathering rack was built on 
which exposed standard sealant specimens underwent 
the natural aging process experienced by exterior sur- 



faces of buildings. This includes physicochemical 
changes induced by radiation, temperature changes, 
the effect of air and moisture, and by the movement to 
which joints are subjects. This movement, produced by 
using the differential thermal movement between steel 
and aluminum, was measured with gauges at three loca- 
tions on the rack. One quarter of the total rack area 
produced identical maximum movements on the spec- 
imens, 213% per year; the remaining area produced 
from about 29  to 230% in 36 steps. Restraints pre- 
vented the attainment of movement estimated from the 
thermal expansion coefficient of the metals, partly due 
to the load imposed by the specimens and partly to 
friction. 

Two types of observations can be obtained from this 
rack: on the area that gives constant yearly movements 
one can evaluate relative fatigue performance of a large 
number of specimens; on the remaining three quarters 

of the area, with movement increasing in small incre- 
ments, one can observe the ultimate movement a seal- 
ant can safely tolerate, i.e., the movement capability of 
a sealant. 

Various types of sealants have already been exposed 
and observations of their behavior will be reported 
later. 
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